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MlCROCRYSTAaiNE CELLULOSE AS EXClPlbN 

The Object of the preser^t invention is a pharmaceutical preparation for oral use. 

especially a tablet, which as its active ingredient contains a pharmacologically 
5 acceptable salt of dichloromethylene bisphosphonic acid. i.e. a clodronate, espe- 
cially disodium clodronate, and which as an excipient contains silicified m.croc- 
^stalline cellulose. Further objects of the invention are a process for the manu- 
Lre of s.d pharmaceutical preparation, and *e use of silici.ed mtcrocrystalU- 
ne cellulose for the manufacture of said pharmaceutical preparation. 

10 

C,od,o»« or to discdm. sal. of «oro™«h,.» bi^hosphonic » , wa- 
Mra.. is useful for Insmc in U — a.d prophylaxis of ^sorders of .he 
calcium meuboto. such as bone resorption, hypercalcaemia and os»>poros,s. 
Based on i. abillry » for. a s^ong complex - a Ca"-ion, dodrona^ remo- 
15 ves excessive calcium from .he circulauon, prevenu, calciun, phosphatt from 
di^lving from .he bone and/or aas .la eell-medla«l mechan-s. 

Clodro,.. has previously been ad.i.is.red orally in *e form of convendor.. 
compressed ubl..s or capsules. Such a uble, or capsule disin«gra^ m *e s»- 
,0 ma<* Of .he paden. and releases rhe ac.lve agen., »h,ch In to — 
„, to s»ach is conver.^ io to free acid fo„n. As clodromc ac,d ,s rela„vel, 
poorly absorbed, to bioavailabllily of to. cdveagen.»m be low and conse. 

le. A problem wi* dodrona^ preparadons has torefore been how » ach,.v. . 
suffclendy high amoun. .d concen..don of to aclve agen. in a capsule or .b- 
,e., witou. having » use capsule or — sizes which are unpleasandy large 

the patient. 

Motor problem wid, clodron..e preparanons has been to. i. is very ditf,c.h ,o 
30 mix unnea.ed clodrona. raw marerlal .0 a homogenous mix.re wid, o*er™. 
plenrs and acive agen.s presen. in to pr,ara.ion. For example EP 275 
closes a process wherein clod,on..e raw ma.erial exciplen. are mrxed dry. 
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granulating liquid is added, the mixture is wet granulated and the granulate is 
dried. Due to the properties of clodronate, the clodronate powder thus obtained 
is, however, inaccurate as regards its composition and obviously difficult to hand- 
le (sticky, very poor flow properties). It is thus very difficuh in practice to mix it 
with other substances used in the preparation, as well as to further process it, 
wherefore, for instance, a relatively large amount of gliding agents is needed. 
From the homogenous raw powder an unhomogenous and poorly flowing product 
mass is then obtained, which affects also the accuracy of dosing of the final medi- 
cament. 



The above mentioned problem relating to clodronate raw material has partly been 
solved by the process described in WO 95/13054, wherein clodronate is crystalli- 
zed specifically as the disodium clodronate tetrahydrate which is subsequently dry 
granulated by compressing in such a way that the crystal structure of the disodium 
1 5 clodronate tetrahydrate is preserved. The process is said to lead to ready-to-use 
granules of uniform quality and good handling characteristics wherefore exci- 
pients are needed in considerably smaller amounts than in the previous methods. 
However, it does not solve the problems relating to the preparation of clodronate 
dosage forms by wet granulation. 



Wet granulation is widely used in the pharmaceutical industry in the preparation 
of solid dosage forms due to the advantages it offers compared to dry granulation 
and direct compression. Usually the amount of excipients needed in wet granulati- 
on is less than that required for direct compression, and thus an acceptably sized 
25 tablet may be obtained. Wet granulation also provides the material to be compres- 
sed with better wetting properties and the particles comprising the resulting gra- 
nulate with optimized particle size and shape. Also the amount of drug in the 
granules is approximately the same, and thus the content uniformity of the final 
preparation is generally improved. 



Microcrystalline cellulose is a common excipient used in formulations which are 
wet granulated prior to tabletting. It is suitable not only for adding bulk to the 
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,^uUdo. p,o»» re^ce, oon.pr.-i., of -P'* - 

L of acuv. age»Much . in case of cloa^M^. . de,.^ * - 
0, co,res«,i„ of d,e *oc:,-ne ce.,u,o. .=»s « a a.s« « 

„cipi». is n^ded » 0.^. an aco^* «"•' ^ ™ ^ 

„,„ adds but n-ng *e f,na, pro« ™» difWt . swaliow a.d d,us 

cing patient compliance. 

According „ d.e inveniion U has now to. discovered *a. if is possible |o achie- 
ve oral dosage forn,s of dodron.^ - accep«>ble si» and uniform qaalu, 
,«ver, wi* suffaena, high and concen.ra.on of *e ac„veag», »^ 
*e preparaiion. In .he preparaUon pro«ss of *e novel oral do^ge fo™ 
rol , is possible .0 use no. 0.1, dr, gr^uladon ta. also « granulauon a^d 
co.p esslo. .ecbni,ues. Tbis is Sieved if .be pba^aceu^cai pre^^n 

, an oral dosage form co»pnsing easil, co.pac«ble sil*d n„crocr,s*e 

cellulose as an excipient. 

Siiicifcd ™crocr,s*e cellulose used in *e prepara^o. according » .be inven- 
,io„ is microcr,s^«ne cellulose wbicb bas been coprocessed wi. fro™ a^. C 
,0 about 20 % silicon dioxide. SiO., based on an,oun. of nuaocn,s*ne 

. is . aggioniera. of n,icroc„-ne ceWose and silicon d,ox,de ,. 
:r.e cellulose a.d silicon dioxide are i. in.i... ass..«n 

, eacb o*er. Tbls «e»s 0.. *e silicon dioxide bas been i..gra.ed 

„icrocr,s*e cellulose panicles bu. *ere ,s no cbem,ca, ,n«rac..on be»ee^^ 
: J.a.ertals. In pracice *is is achieved e.g. b, spra,-dr,ing a .spe„s.on 
ofmicrocrysBllinecelluloseandsilico.diox.de. 

,0 The advanuge of me us. of silicifed n,icr»=r,s*e cellulose in clod^na.. 
" "p— overa.li.pro.ed — i.™sofe.g.powd^^^^^^^^ 
pacLi.,, -e. s.reng* .d especl* recced friabli... Solid dosage for„s 
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containing high load of clodronate are now obtainable by direct compression, dry 
granulation or wet granulation technique. The amount of the silicified microcrys- 
talline cellulose which must be used in the preparation process to obtain an accep- 
table solid dosage form is substantially reduced, compared to the amount of usual 
n^icrocrystalline cellulose which must be used for the same purpose. This natural- 
ly results in substantial reduction in tablet size. The solid clodronate preparauons 
according to the invention are also of uniform quality and possess excellent dism- 
tegration and dissolution properties. 

Extensive friability has been a problem especially with tablets containing clod- 
ronate. Extensive friability means that tablets are easily crumbled or split mto 
pieces. Surprisingly, this problem can also be overcome by the use of silicified 
microcrystalline cellulose. A person skilled in the art would expect that the silicon 
dioxide in the silicified microcrystalline cellulose functions the opposite way when 
used in clodronate preparations, i.e. that it would decrease crushing strength and 
increase friability as gliding agents usually do. 

However, one of the advantages of the use of silicified microcrystalline cellulose 
for the manufacture of clodronate preparations is that tiie silicon dioxide of tiie 
silicified microcrystalline cellulose may also function as a gliding agem while it 
also improves the properties of the microcrystalline cellulose. 

in the process of preparing clodronate tablets containing silicified microcrystalline 
cellulose, it is also possible to first granulate clodronate (either by wet granulation 
or dry granulation technique) and then to mix the dry granules with sil.cfied 
microcrystalline cellulose and, if desired, witii other excipients before direct 
compression of the mixture into tablets. This process is technically very feasible 
and provides clodronate tablets with all the advantages mentioned above. 

Further advantages of the use of silicified microcrystalline cellulose for die ma- 
nufacture of clodronate preparations, especially clodronate tablets, are an increase 
in the production rate and, consequently, a technically and economically feasible 
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process. Tablm -n^ni»8 
celWose ca. be fonned m.o .abtt only wr, low »»s compared » rablcu 
„„™„g c,odrona« ..d siliciW .ic,.r,s*e cen*se. The use of s, c,f,ed 
.icocrys— e ce.lu.o»= enables .he production ra.es » be increased cons, e„. 
b,y «id.o«. adversely affecting tire qualify of uble,s, as is shown in E»n,ple 8. 

„ desired, ^so o*er excipienU in addition » silicified nricrocrysUlline cellulose 
„ay be us«l in d.e »M dosage forms according .0 the inven.ion. These exc 
pien. are ^o„n » a person s«ed in d.e art, and tireir - 
of codrona. preparations has been disclose e.g. in EP 336 851, US 3,683.080 
and US 4,234,645. 

Conscuentiy, *e preparation according » *e invention ma, hrti»er comprise 
conventional gliding agen. and ..brica... - as stearic acid or r. sal. (Mg-, 
Ca-) starch, or a mixmre of « or more gliding agents. If desired, also 
additional colloidal silica may be added in addition to w« is included ,n tire srlt- 

cified microcrystalline cellulose. 

Pilling ag=n« (weight balancing agenu) which may be used are ,o, cx^ple 1«- 
, s„h or i,s derivatives, mannitol, glucose, saccharose. m,crocry-n cellu 
lose, or a mixmre of »o or more fillini agents. Also natitral or amfrcal fla- 
vouring and sweetening agents may be used. 

I, desired, also disimegrants can ^ added to the preparation. T^ese are disin^ 
, g^. gener* ..own in the art, such as for example cross-.inKed sodrum carbo- 
.ymethylcellulose, starch or its derivatives, croscarmellose, crospovtdone, or 
mixtures of two or more disintegrants. 

By using cer^in excipieuts one can al. re^.a». it desired, wbete a preparati- 
0 on is » decompose in the stomach or only la.r in the gastiointcstina, an^, 
also *e dissolving rate. T.ns *e preparation c. he coated w,* as - 
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shellac, cellulose acetate phthalate, hydroxypropyl methylcellulose phthalate, 
polyvinyl acetate phthalate, cellulose acetate trimellitate or various acryl and 
methacryl acid derivatives. Film forming agents are known to a person skilled in 
the art and are commercially available. 

5 

The composition comprising clodronate and silicified microcrystalline cellulose is 
suitable for administration not only as a tablet but also as a number of different 
formulations. Thus it can for example be filled in capsules, or used as granules or 
a powder according to the methods generally known in the art, and further coa- 
10 ted, if desired. Especially preferred are tablets and capsules. 

The amount of clodronate in the drug delivery form according to the invention 
can vary within wide limits, e.g. from 10 to 95 % by weight, being typically 50 
to 90 % by weight. The amount of silicified microcrystalline cellulose can vary 
15 e.g. from about 1 to about 50 % by weight, being typically from about 5 to about 
25 % by weight. Preferably the preparation according to the invention comprises 
60 to 80 % by weight of anhydrous disodium clodronate, about 8-20 % by weight 
of silicified microcrystalline cellulose, and 0.5-10 % other excipients such as 
lubricants and disintegrants. 

20 

The following examples illustrate the invention without limiting the same. 
Example 1 

25 Tablets were prepared with the following composition per tablet: 
Disodium clodronate tetrahydrate 1000 mg responding 



anhydrous disodium clodronate 800 mg 

Silicified microcrystalline cellulose 205 mg 

30 Carmellose sodium 22 mg 

Stearic acid 15 mg 

Magnesium stearate 8 mg 
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The siUcified microorystalline cellulose used (Prosolv 90, Mendell, USA) had a 2 
% w/w silicon dioxide concentration. 

in the first stage of the tablet preparation, the dry granulated 
5 moistened with stearic acid in ethanol and then dried at about 30 »C to a moisture 
content of appr. 18.5 - 20 %. The dried granules were then sieved through a 1.5 
mm sieve. Thereafter the clodronate-stearic acid granules were mixed with car- 
mellose sodium, silicified microcrystalline cellulose and magnesium stearate. The 
mixture was formed into tablets in a tabletting apparatus, using 9 x 20 mm pun- 
ches to form tablets of a mean weight of 1177 mg (± 2.5 %) and of a suitable 
Strength, for example 4 - 10 kg. 

If desired, the prepared tablets may be coated with a coating solution, the compo- 
sition of which per tablet may be for example the following: 

Methyl hydroxypropylcellulosephthalate ' 42.8 mg 

, , 6.4 mg 

Diethyl phthalate 

q.s. 

Ethanol 

q.s. 

Purified water 
Example 2 

Tablets were prepared with the following composition per tablet: 

25 Disodium clodronate tetrahydrate 1000 mg responding 

anhydrous disodium clodronate 800 mg 

Silicified microcrystalline cellulose 1^5 mg 

22 mg 

Carmellose sodmm 

o • -J 15 mg 

Stearic acid 

8mg 

30 Magnesium stearate 
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The tablets were prepared essentially as described in Example 1, using the same 
kind of silicified microcrystalline cellulose as in Example 1. 



5 



Example 3 

Tablets were prepared with the following composition per tablet: 

Disodium clodronate tetrahydrate 1000 mg responding 

anhydrous disodium clodronate ""^ 
10 Silicified microcrystalline cellulose 155 mg 

22 mg 

Carmellose sodmm 

15 mg 

Stearic acid 

8mg 

Magnesium stearate 

15 The » .ic^c^s*' cenulose .s=d (Prosolv 50, Mendell, USA) M a 2 
% „/w silicon diorid. concenwlon. Tl» tablm were prepared essen«* as 
described in Example 1. 



20 



25 



30 



Example 4 

Tablets were prepared with the following composition per tablet: 

Disodium clodronate tetrahydrate 1000 mg responding 

, , , 800 mg 

anhydrous disodium clodronate 

Silicified microcrystalline cellulose UOmg 

22 mg 

Carmellose sodium 

15 mg 

Stearic acid 

15 mg 

Polyvinylpyrrolidone 

8mg 

Magnesium stearate 

The silicined mlerccrysralline cellulose used (Prosolv 90, Meudell, USA) had a 
% „/w silicon dioxide concemradon. The rableu »ere prepared essenfall, as 
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described in Example 1, With the exception 
polyvinylpyrrolidone ihstead of ethanol. 



9 

that stearic acid was dissolved in 



Example 5 

Tablets were prepared with the following composition per tablet: 

Disodiumclodronatetetrahydrate 1000 mg responding ^^^^ , 

anhydrous disodium clodronate 

,11 125 mg 

10 Silicified microcrystalline cellulose 

22 mg . 

Carmellose sodium 

15 mg 

Stearic acid ^ 

Magnesium stearate 

T*. were prepared e.».* a. de»cnM in Example 1. »ins *e - 
kind of silicified micrcciystailine «li«lo>e a, in Example 1. 

Example 6 

20 Tablets were prepared with the following imposition per tablet: 
Disodium clodronate tetrahydrate 1000 mg responding 

800 mg 

anhydrous disodium clodronate 

132 mg 

Silicified microcrystalline cellulose 

22 mg 

25 Carmellose sodium 

15 mg . 

Stearic acid o 

8 mg 

Magnesium stearate 

The «e prepared es«iall, as deacriM i« E«mple 1, uaing *e same 
30 land of ailieified mieiocryaialline eelluloae aa in E«mple 
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Example 7 



Tablets were prepared, with the following composition per tablet: 



5 Disodium clodronate tetrahydrate 1000 mg responding 
anhydrous disodium clodronate 
Silicified microcrystalline cellulose 



800 mg 
165 mg 
22 mg 
15 mg 
8 mg 



Carmellose sodium 



Stearic acid 



10 



Magnesium stearate 



The silicified microcrystalline cellulose used (Prosolv 50, Mendell, USA) had a 2 
% w/w silicon dioxide concentration. The tablets were prepared essentially as 
described in Example 1, using tabletting speeds as indicated in Table 1. The re- 
15 suits from the measurements of crushing strength and friability are also shown in 
Table 1. 



Table 1. Crushing strength and friability of tablets according to Example 7, pre- 
pared at different tabletting speeds 



Tabletting speed 


Crushing strength 


Friability 


30 000 tablets/h 


16 kp 


0.11 % 


40 000 tablets/h 


18 kp 


0.20 % 



25 Examples 

Tablets having the same composition as the tablets prepared in Example 6 were 
prepared at different tabletting speeds. For comparison, tablets were also prepared 
at different tabletting speeds with the following composition per tablet: 



30 
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Disodium clodronate tetrahydrate 1000 mg responding 
anhydrous disodium clodronate 
Microcrystalline cellulose (Emcocel 50 M) 
Carmellose sodium 
Stearic acid 
Magnesium stearate 



20 



800 mg 
132 mg 
22 mg 
15 mg 
8mg 



Crushing strength and friability of the obtained tablets were 
are shown in Table 2. 



measured. The results 



Table 2. Crushing strength and friability of tablets containing silicified microcrys- 
talline cellulose (A) and of tablets containing usual microcrystaUine cellulose (B). 
Tablets were prepared at different tabletting speeds as indicated m Table 2. 




Tablets containing usual microcrystalline cellulose could not be tabletted using a 
higher tabletting speed than 30 000 tablets/h, because tablets would have broken 
up. 
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1 Pharmacutica. preparation containing as an active agent a pharmacologically 
acceptable ^t of dichloromethylene bisphosphonic acid, characterized m that .t 
is an oral solid dosage form comprising silicified microcrystalline cellulose. 

2. Preparation according to claim 1, characterized in that it comprises 5-25 % by 
weight of silicified microcrystalline cellulose. 

3 Preparation according to claim 1, characterized in that it comprises 

a) from about 60 to 80 % by weight of anhydrous disodium clodronate; 

b) from about 8 to 20 % by weight of silicified microcrystalline cellulose; and 

c) from about 0.5 to 10 % by weight of lubricants and/or disintegrants. 

4 Preparation-according to any one of the preceding claims wherein silicon dio- 
xide is present in the silicifted microcrystalline cellulose in an amount of from 
about 0.1 to 20 % by weight, based on the weight of the microcrystallme cellulo- 



se. 



20 5.Pr.par.Son..»rding»™,on=of*eprec«iingcWm,,charac,»to^ 

that it is a tablet or capsule. 

6 Prepamio. according u, any one of *e pre«ding dain,s, cb,r.cUn»d i. 
ai., to ^ ot dWoromethylene W^hosphonio acid is .he disodiun, saU. 

,P,«essford,en,an«tacmr.of.pharn,ace«,ica,prcpa«io«according«=clain, 
1 characterised in thai a wet granulation lechniqne is used. 

, Process for th. manufac^re of a phamraceuticai preparation according to el.,m 
30 1, characterized in that a dry granulation .Khniqoe IS used. 
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9. Process for the manufacture of a pharmaceutical preparation according to claim 
1, characterized in that a direct compression technique is used. 

10 Use of silicified microcrystalUne cellulose for the manufacture of a pharmace- 
5 utical preparation containing as an active agent a pharmacologically acceptable 
salt of dichloromethylene bisphosphonic acid. 
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